
Amh Gulf 1. Scient. Res., 9( 1) , pp . 117 ( 1991) 

Simulation of Salt Stress in Date Palm 

Seedlings (Phoenix dactylifera L.) 


S.M. AI-Sewaigh, M.H.- AI-Whaibi and M.O. Basalah 

Botany Department , College of Science , King Saud University, 
P. O . Box 2455, Riyadh 11451 , Saudi Arabia 

A BSTI.(I\(T . Osmo regula tio n in oa te pa lm seedlings (Phoenix C.hlc ly U(c r a L . Cv 
Khcd h ri ) was s tuuicu unde r sa linit y where NaC I was added to the nutrient solut ion . 
The f.,:o n..:c nlratio ns of NaCI in the nutrient solut ion we re 0. 12 as contralt» . 12. 20 and 

~() giL (as tre<l tme nts). Seedlings (aho ut ~ mo nths o ld) we re wate red by these 
~oluti () n s for fo ur weeks in the gree n ho use. When the os mo tic potent ia l o f the 
ex ter nal rn c c..l ium was uccrcascu . the 101 <.1 1 po tenti a l o f the .issue ('V ,) . decreased 

p ropo rtio na lly (atm ut 5 ha rs ) . Rel ati ve water conte nt ( RWC) had the sa me tre nd as 

th a t of (~") whe re sa linit y trea tme nt resulted in lowe r RC W (97% -~9%). Of the 
compounos that accumul ... tcu in the ti ssue we re Na' and proline. Pro line 
accumul a tio n in pla nt was e nhanced h y the p rese nce of NaCi in the medium . O ther 
parameters. su t.: h a~ K. Mg. C a . PO .. . suga rs a nd to ta l a mino acids did no t show 
regula r c..:hangl.:s in the ir conce nt ra tio ns which indica te tha t they do no t have a 

spel.: ifit.: ro le in the osmoregul a tio n of Ih esc seed lings. 

- "\ "­



118 S.M. AI-Sewaigh el <II. 

Heyster, J.W., and Nabors, M.W. (191l1) Growth, wcter content, and solute accumulation of two 
tohacco cell lines cultured on sodium chloride, dextran. and plllyethylene glycol. Plant Physiol. 

68: 1454· 1459. 

Janes, B.E. ( 1<)66) Adjustment mechanisms of plants suhjectcd tll vaned osmotic pressures of nutrient 
solutions. Soil Sci. 101: IIlO-IIlIl. 

JefTeries, R.L., and Rudmik, Dillon, E.M. (1<)79) Respllnses of haillphytes to high salinities and low 
water potential. Plant Physiol. 65: 91l<)-994. 

Liu, M.S. and Hellebust, J.A. ( 1<)76) Effccts lIf salinity changes on growth and Mctaholism of the 
marine centric diatum Cyc/otcllil crypticil . Canadian 1. BOI . 54: 9)0-937. 

Mass, E.V., and Nieman, R.H. (1<J78) Physiology of plant tolerance to salinity. In . GA Yung, (cd .) 
Crop tolerance to suhoptimalland conditiuns. Crop Seicnce Socicty of ,A.merica. Madison. WI. 
pp . 277-299. 

McGee, K .J., Kallsen, C .E. and Richardson, S.G. (1984) Carhon Balance of surghum plants during 
osmotic adjustment tu watcr strcss . Plant Physiol. 76: 898-902 . 

Richardson, S.G., and McGee, K.J. (1<)85) Carho n balancc and water rclatiuns uf sorghum exposed to 
sal! and watcr stress . PliJnt Physiol . 79: 1015-1020. 

Rosen, H. (1975) A mudified ninhydrin culurimeter analysis fur aminu acids. Arch Biochem. Biophy s. 

67: 10-15 . 

Slatyer, R.O. (1961) Effect s of sevcral usmutic suhstrates on the walc r relationships uf tomalu. A us!. 1. 

BioI. Sic. 14: 519-540. 

Somogyi, M. (1952) NOlcs un sugar de lerminatiuns . 1. Bioi . Chetn . 195: 19-23. 

Steel, R.G.D. and Torrie, J.H. (1960) Principles and prucedures uf slalislics. with spccial refercnce tll 
the hiological sciences. McGraw-Hili Buuk Co. Inc . New York . 

Stewart, C.R. and Hanson, A.D. (191l0) Proline accuulatiun a metahulic respunse to water slrcww. In : 

Turner, N.C. and Kramer, P.T. (cds.) Adaptatiun of plants to Wi/ter and high tempcfillUrc 

stress. A Wiley-Interscience Puhlication , New York. 

Stewart, G .R., and Lee, J.A. (1<)74) The role uf proline accumulatiun in haluphYlcs , Planta 120: 

279-289 

Storey, R., and WynJones, R.C. (1977) Quaternary ammonium compounds in plants in relatiun 10 ,,\It 
re sistance . Phytuchcmistry , 16: 447-453. 

SutclifTe, J.F. (1962) Mineral sail ahsurption in plants. Perganon Press , London. 

Termaat, A. , Passioura, J.B. and Munns, R. (198,';) Shuul turgor doesn ' l limit shoO[ gruwth uf 
NaCi-affected whcat and harley . Plant Physiol. 77: H69-H72 . 

Turner, N.C., and Kramer, P.J . (cds.) (1980) Adaplaliun uf plant to waler and high lemperalure 
slrcss. A Wiley-Inlerscicncc Puhlicaliun . New Yurk, Chichesler, Brishane. Toronlu. 

Watanabe, F.S., ,,·nd Olsen, S.R. (1965) Tcsl uf an ascorhic acid mClhud fur delermin ing ph usphorus in 
Willer and NaHCO, eXlracls from suil. Soil Sci Society Proccedings . 29: 677-671l . 

WynJones, R.G. (J9H4) PhylUchemical aspee ls of osmutic adapl'llion. Rcc. Adv. Phytochcm . 18: 
5,';-78. 

WynJones, R.G . Storey, R.A. Leigh, N. Ahmad, and Pollard, A. (1977) A hypulhesis on cYlopl as mic 
osmurcgulaliun. In: Marre, E. and Cirerri, O. (cds .) Regulation o{eell memhrance activities in 

plants, North Huland , Amstcrdam. 

(Rcceived IIJ/IM/ IlJ/!lJ: 

in revised le)fm IJ5I114/ I '.N I) 



S.M. AI-Sewaigh ct al. 119 

~.rJ1 ~I)I 

.u:,1.J) JI~~ - JI.rJI J .J~IJ ~I ~ (i' <\ "\ <\) t~..ul '-;-"'L",)I~ 

. JI.rJI - ~I~ -~~ ~ Lr.J~J ~l:....oJ .J~I Cl;.;IJ 

C:--!-.?J ~l .; ~ (J>' t • .) ~)JI ~ i.J""L:s- J ~I U->-.J4 

. JI.rJI - o~1 ~~~ - r-=JI a>...; -..r:-}~.JYJ 

t \",," /- \.I·~ .. ~, t'*--' 'c:, )\:' 


t \"" \ / • \.1 • C .. ~ ,;'-rJ\ .,\.)s.\ 'c:,)\:' 


References 

Ackerson, R.C. (1985) Osmorcgulation in cotton in response to water stress . Plant Phys;o/. 77: 
309-312. 

Basalah, M.O. (1984) Effect of Altcrnar;a tinuissima on the composition of carhohyllrato in the leaves 
of S. anum \ mclongcna L. Bo/. Bull. Acad. Sin . Tiapci. 25 : 63-71 . 

Bates, L.S. (I (73) Rapid lletermination of free proline for water-stress stullies. Plant and Soil. 39: 
205-207. 

Ben-Hayyim, G., Spiegel-Roy, P., and Neumann, H. (1985) Relation hetween ion accumulation of 
salt-sensitive and isolated stahle salt-tolerant cell lincs of Citrus i1urantium . Plant Physio . 78: 
144-148. 

Oehan, K., Tal, M. (197S) Salt tolerance in the wild relatives of the eultivatell tomato: responses of 
Solanum pcnnellii to high salinity . lrrig. Sei . I: 71-76 . 

Etherton, B. (1963) Relationship of cell transmemhrane electro-potential to potassium anll sollium 
accumulating ratios in oat anll pea seelliings . Plant Physio/. 38: 581-SX5 . 

Fisher, R.A., and Turner, N.C. (1978) Plant prolluctivity in the arid anll semi-mill zones. Ann. Rev. 
Plant Physiol. 29: 277-317. 

Flowers, T.J., Torke, P.F. and Yeo, A.R. (1977) The mechanism of salt tol e rancc in halophytes. Ann. 
Rcv. Plant Physiol. 28: S9-121. 

Furr, J.R., and Ream, C.L. (1968) Salir.ity effects on growth anll salt uptake of seelliings of thc llate ; 
phocnix dactylifera, L. Pmc. Amer. Soe. Hor/. Sci . 92: 268-273 . 

Greenway, H., and Munns, R. (19S0) Mechanism of salt tolerance in nonhalophytes. Ann. Rev. Plant 
Physiul. 31: 149-J90. 

Greenway, H., Hughes, R.G., anll Klepper, B. (1969) Effcet of water llcfieit on phosphorus nutrition of 
tomato plants. Physio. Plant. 22: 199-207. 

Hellebust, J .A. (1976) Osmoregulation. Ann. Rev. P/;mt Physiu . 27: 485-S0S . 

- "\ .­



120 Simulation or Salt Stress in Date Palm Seeulings 

(V) 
6 

5 

rf 

r* rT 
~ 

o 
o 6 12 20 30 

9 Na CI/ L I x Sol. 

~I-, 4'11 o..u;Si ;jjT" Jl,-?';)y' ~ J~I I..l", J ;"""1.J..u1 .i,.L,ly-, ~I 

J-:---, ~ylll 4y-1~ c-"-,I ~ Jl,-?,;)Y..u y.:....,1.J';) J ~I ~ 
. ;jj~ 1 ~-' ;jj~1 ~L:.lI J 4_ .0.- II lr~ 

_ 0 ~ _ 



S.M . AI-Scwaigh C/ ill . 121 

I­ <')
280 .... 

240 I-

- l­rt­
200

1: 
OJ
'03 
~ 

~ 
'0 

160 I­
!? 
C1l 
0 
E r±­
~ r±­ r+ 

l-C 120 
C1l 
C 
0 I­() 

<Il 
() 80 

l­

40 

I-

o 
o 6 12 20 30 

9 Na CI /L I x Sol. 

4 1 J ~j.".......'ll ¥.I J~~ ci"j,s.,J r..r.-lLSJI .J.J'!r .:r ~I -=..>IJ.)~~,p! : <i> ~ 
.~J~I 

oh J")\>. .:.r- t.S,?-'J1 4\>J,1 ..::."l;L:-J1 ~ c:' ~~ ~I "::"'Ij':>~ .)li I~.J 

oh J-s. ~ j.J...u1 .)i ~ ~ t:hl~ Ih.J - U:l.J..;:JI.J C~'JI rSl,} - ~':;I 
..::." L:S..r" .J r (~j~ l5) t.S.r>-r ..::." L;~ i ,!)l:..A. .),.,...5..: ...l4j LA I."...., ').J':> .:> Iy-l. I 

..::."lj.:>L:J ~.:)j.,-'JI \,_12 ' -1\ ~ J J-A: ~ j.J':> LA. (~L::.:-:-l1 J-!.o) ~~ 



122 Simulation o f Sal! Stress in D ate Palm Seeul ings 

140 

100 
£' 
Ol .a; 
~ 

~ 
u 

80 
Ol 
Qj 
(5 
E 
2 

60 C 
Ql 
C 
0 
0 
Ol 

:::E 40 

o 

r­ (0) 

120 r-

r+­
r-f­ rfr­

rf­ ~ 

r­

20 r­

o 6 12 20 30 

9 Na CI /L I x Sol. 

:.r ~ l...5 ~ J-s. ;Ja,; L..J.I -.!.lLi...5J .Jyi.....~1 ~L.a.:..o 1 ~ J->-..t:; r-U l.:.J 1 

. ..:...L:-JI ~r ~ .Jyi.....yiJl 

~~ i~ ~I ..:...I.J.)~ 0i j&- ."L.....1.J..ll1 o-LA ~ 0.)))1 ~l::.J1 J.Aj 

- ~~I~ ":"'~y-\'I rSl.}~..,k rY' ~)j-I ~~ ~.)..,5 ~j.r-"\'I 

~ ~J.;:JI J--!..o ~~I ..:...~)I ~ Ji - i.r.-"liy-:JI ":"'~J iy-.)~I 0.)4;5 



/ 2.1 S.M. AI-Sewaigh el al. 

(t) 
700 r-

r­

600 

1: 500 
Ol 
'Qi 
~ r:­ r+­~ rf­-0 

400S!' 
CD 
0 
E 
~ 

C 300£ 
c 
0 
(.) 

:.:: 
200 l-

I­

100 

o 
o 6 12 3020 

9 Na CIIL 1 x Sol. 

..:..I.J.>L:JI •..i.....- a..\.....~t; J rJ--=--"\';~1 Jy-f 0-" j-:>..JI ..;:..I.J'>~ tSy. J~I : (t) ~ 

. rWa.l1 & 0-" ~.J..l:..o ;..,51~ 

lS~ J ~~':JI 0U ~L.JI ~ylll .....;J~ J ~~I ~ylll 

1.Lt. ~ UJ . ,-"",~':JI ii",Li5 i~ r:.r- ~L; 0~ 4.J .Jyi.....yiJl if u~1 
0i if lS.r>-~1 uL...I.J...u1 ~ J :;.JJ L.o ii~~~ o.J~..r.lJ~1 

(Greenway .Jyi.....yiJl ,-"",~I ~ u~1 ii.J...l9 if ~ ~Ll.1 :;~')\j ~~I 

..u~ ..fl :;~ ':JI ul.JJ:; 0f (Ackerson 1965) 0..,.........,sf tWI C";;I ...l9J et ill. 1969) 

_ 0"\ _ 



124 Simulation of Salt Strcss in Datc Palm SccLilings 

& .:r '-":-)J..:..A .r.51~ a.WI j.:.>.-JI -.:;..I).)~ I)y:!)/I ,?~I ~l; ~Y : (V -"-) .:r JK!~I 
. L..y:! 'f" .J.l iWaJI 

280 

240 

200 
.c 
0) 

iii 
~ 

~ 
"0 160 
0) 

Q) 
"0 
E 
~ 

120co 
Ql 

co 
a 
0 

Z'" 80 

40 

o 

(~) 

r- r-­

iT­

r-%­ r-f­

n 
o 6 12 20 30 

9 Na CIIL I x Sol. 

-.:;..I).)~ if")U-1 <..$.J.Y'"""''lI..y.::l;-1 -.....,.; .)~L i..H.)~1 .J..H\ rSlJ".w')i.s. : ("-) ~ 

. j.:.>.-JI 

J )~..rAJ\ o~~j J.-.- (V ~) ~L::J\ J..G ~)~..rAJ\ Y'> ~\ 

~l:.:: ..i..>\I.S~\ 0\ ')I~ (j-I / r- "\) ~yll\ ..:.r-~\ aoW\ w-'> 
w-,> J uP\....a.:..o')l\ J..,l,u ~~~jI Y'> J~yiJ\ ~.,LJ ~)}\ ~\-, 4:J ..G 

_ 00_ 



S.M . AI-Scwaigh cr ill. . 125 

..L:s- ~I Ulj.)4 JljJ\ -J iY..).raJ1 ~y.i rSl'; ;;jJ\&. ~ (r') ~~ 

j-:S.; :..r ...L:.fl ~jL.3-1 .h....)1 -J ~I .)~J 0\ ~ ~).:ll.t..:.-yUl o.)~j 

ulj.)~ :..r..,.>1 ~ -J.k.-..,.J 1.0 C" ~ I~J .JljJ)l1 -J iY..).raJ1 0y.\ 

~.)y---b ;;j")LJ1 01 4.....,l j ...u1 ~ -J ~y. t ~\ ~l (Furr a nd Ream 19(5) ~I 

~).:ll .h......,.J1 -J iY..)y-.aJ1 j:5.; .)Ij lJS ~ 4.....,l j ...u1 o~ -J JL:lIy. lS 
1.i..A -J ~L..::..l1 0l! JL>- ~t Js- . (r') ~I -J lS JljJ)l1 -J oj:5.; .)Ij lJS 
i..l..s- 01 . (Storey and WynJones 1(77) lS..,.>i uL;~ -J .k.-) 1.0 t: ~~I 

i..l..s-J ~I G.yUl WJ):> J (t) ~ -J lS i.r.-"IS..JI 0y.1 j:5.; ~ 

j~yJIJ ("\) ~ i.r.--lL..S0IJ (0) ~ p-. __ ;J.I u\..;.H I :..r J5 u~ 
~jy-")l1 h;...aJ1 ~ -J ~~I J:? u\..;y.)l1 ~t Js- J~.Jj (V) ~ 

~I - uL;y.i !.\\.:..t. 0~ 0i ~I J:? ~ Jl>- ~t Js-J . ~I Ulj.)4 -J 

J->-I.) LAI j:5~ -J I.r-"U ~ ..u - 4.....,lj ...u1 o~ -J 4J),z ~ t ~I ~ 
~ 1.0 oj-:S.; -J JJy4.\1 0l! ~UI ~I -J lS i.r.-"L;y,ll ~4 . ~)l1 

i.r.-"IS.r.l1 0y.t 04 Cl::.:.:..... ~I ~ ~J • l;l..a>-I ;J~.) ul') ~ uJ\...WI 

i.r.-"Li..J10.HI ~~ i.H.).raJ1 0.H101 JI .t..:.-yUl J-i -J d jJ') .J v-:-l 
.. I) u.)jJ ..L.O Jl>- ~i Js- . ~I ulj.)4 -J j!)l1 Js- 4.)WI j:51.;J1 .x.s. 

ti ~ wJ)2.l1 o~ J i.r.-"IS.r.l1 0y.1 !.\yL Jy> ~jl,a.:... ~L::.;J op 
:..r ~ -J i.r-;:-"Li~1 :..r ~~I ~I ISY> ~I~ • uL::J1 

Triticum vulgare ViII u~J Phaseolus vulgaris LA'" ~~ -J .k.it .)ljJ uLiL::J1 

:..r <GI (8en-Hyy im et al. 1(85) C~..J (Store y and Wyn Jones 1(77) G.yUl o.)~~ 

~l>- G.yUI J-i ~ -J jJ') LA. IS..,.>I Joly !.\\.:..t. 0~ 01 ~I J:? 
i.J-. ·.JI ~.H\ Lot .~Lj ~ i.r-;:-"L;~I IS~ 0~ ~I ulSL::J1 -J 

•~~ L:; LA.:>...; I ("\ J 0) ~LJ I J ~)l1 -J lS .k.-) .J.,i; i.r.--llSJ IJ 

~y.i :..r J5 j:5.; 0\ .k.-) ~ .,....:.II ~ &11~Jl>. -J ~~ .k1- ~J ...L9J 

\.::ll ' )II \.J I . L..Q..;..;I -t; J ·· · ·I...L9·· IlSJ\ . · :.1 \. f'" 
~j ,,-?jy-" ~.f J::' ~ i.r--- J i~ 
ulj.)~ JljJ\ -J LJ.r....L..A; ~ ~I rLA.l1 .-r-->-IJ . (Heyster and Na bo rs 1(81) 

_ 0 i ­

http:i.r.-"IS.r.l1
http:i.r.-"IS.r.l1
http:Js-J~.Jj


126 Simulation o f Salt Slres~ in Dale Palm SeelJling> 

( Y)12 12 

r2l Proline 

o Total amino acids 

10 

8 

6 

4 

2 

E 
OJ 
Qi 
~ 
.c 
(J) 

~ 
!2' 
Ql 

(5 
E 
~ 

C 
Ql 

C 
0 
u 
Ql 

S 
(5 

a: 

9 Na CI/L I x Sol. 

j.,5\~ 4-:LLu ~-,~I-, ~I ~\'I ~l2-\' \ .:.r ~I ..:.;IJ.)L lSp- J~I : (Y) y:...:. 
. (~I J,» )a.; i) O.)~ --!-,/ J r.",.)~1 -'u}S .:.r ~ . 

J.-s-)y-..G ~.JLlI ~ylll O.:l~j ~ ul.J.:lL:J1 ~)\;>. J>-I.:l iY..:l~1 0y.\ 

Jl o..l....S~1 ~Iy Jyi ~~UI .:l~'Jf1 0~ Lr~J U:lJ~1 o..l....St ~ 

. (Stewart and Hanson IY!:lO) e;-JI J ~~ ~j:. l-' U:lJ~1 

LS..u1 ~~I ~UI LS~I ~ V""l4.>...;IJ J>JI ¥.I ~ 1).J.j 

I..lA.J ,-?j,.,.--I ~~~I..iJI .:l1}.IJ C~~I uL;L;.J1 o..lA. ~ j5.; ,-?jJl 

lA~J iJ:.-"'L;.,)IJ O~.:l~1 y... uL;y-~1 ~ ~\ J.:.lWI 0 J.J.j L... 

_01_ 

http:uL;L;.J1


S .M . AI -Scwaigh c r ill. 127 

~) i..u rL...J.J1& c:: ~ .;:SI~ <L1..u (<.$~) j:>-.:JI ..:"I ),~ JI)JI tryl -fl ~I ..:,,~.,s:...JI.;:S.; : (Y) JJ~ 

. (-:.....JI J)> ;>;1) i,.u:. '-'.1» J ~L...I 

~-:;.,4."s::...J1 ~1-:;.,4."s::...J1 ~.;..;J.I -:;.,4."s::...J1 
~.;..;J.I a..WI 

(mg/g d.w.) (mg/gd.w.) (mg/g d.w.) 

',''I'± ' , '1' 0 ' , ';\ ± \ I , i" ., 'V ± lI , n 
e::-:­r 

" 'I ± " ii ' , 'V ± II, i ' ' , ' 0 ± \ I , ' V (\) a.WI 

. , ." ± ' , 'I' 0 ' , .;\ ± \ I, i 0 ',''1' ± \ I , 'I' • ('I') a.WI 

" 'V ± • ,'f' , , ';\ ± \I,io " 'i ± \ I , \ 0 (i)a.WI 

.,. \ ± • ,'V .,. 0 ± \1,'I'i .,. 0 ± 11,11 (i) a.WI 

oi.J. ~b 0lj~ t 4.).SJ \ ~)1\ ~L.o--)1\ ~ 01 \..)-4 ~)\ jJ­

..u 0).)~\ J~I 01 Y' .:J)yll ,,;:-_4.~.lI.) 0).)~1 ~ o.:J~j Jl~ ~\j..ul 

. u~.)~1 ~.)I 0).)~1 J1LS?)1i s.-)11 ~L.o--)11 ~ J~ Jl.:J~ 

. (Liu a nd Hellebust 1976) 

01 ~ ';j ~.) 4 ~I uL;L:-J1 :..;s-~~I ulj.:J~ 0lj LA. \..)-4 

.L:.-}ll ub uLYI J~ ~I ~\ u\j.)~ J U:--j.).:J 0).)..0l0~ 

i~ ,-?jr-·..)1\ ~~j.)~ i~ 015.) (,;...sf .)I.,;J / r-- I) ~\ 
~ ..!Ll~ Jl~ I.:S ~\ J u4.;)1\ J:,L:..; Js- o.J'l; i.J.s..) ~Ll.\ J ~~.)jJ 
o.:J~~ d Jl 0:-l.)~\ j-:S.; j~1 .)~...I,j . (Stewart and Lee 1974) uL.,lj..u1 

u~y-" Jl J~ OJ.)~ ,-?jJl ~L;#.I ~l>- Jl0).)~1 J~ ~y1l1 

\..)-4 ~y..; ...I,j C")Lo)1\ 01 w.).rJ.\ \..)-4 ~)1 i~ ~\ J u->..? OJ.).:J J ~.) 
~ J U~';j uu, e.G \ Jl4-G...lJ (Sutcliffe 1962) ~\ J..G...o 

jJ- ~G- u\j.:JL:J\ 01 .,lA.l.!..I.\ ~ 4LS?)1\ u~.,t!~ .k...:..J\ ...r"~'ll 

rS\.;..J LS?I ~~ \..)-4.) ~\.j \..)-4 \..i...t. (f ~) i.r.-"L;.,r.l\ 0.,t!1 \..)-4 ~~ ~ 

_0,"_ 



12K Simulation of Salt Stress in Date Palm Seedlings 

r-k\)a.J1 u~ ,-?j.,...-...'JI ¥.I ..j ~~I JL~ uL...I.J...Ll1 ~ L5..,.>i 

(Slatyer 1961) ~)..:ll 41 J .. ~~')II ...!1.l.ll ...'L-o(Lycopersicum e.~culentum) 

if Li (Storey and WynJones 1977) uL.;~1 yu. ~ .b-) ..G u,.,LdI I..l....!>,., 

t r - .f' ul.J,:)~1 J ~ \~ ~ U':)i 0L.t J-SJI ~ u.lkil ¥I ~ 
.." .. 

La ,-?i ~l&. J1.J,.,)U ,-?j..,-....'JI ¥.I ~ L5-L.o ..j & ¥I oh,., ~~.J~ 
. (Flowers et al. 1977).J~ o· - Jl Y· - ~ 

~ ..G (') ~I J ~Y' ~ ~I dll.1L5~1 0L; L5..,.>i 4>~ if 
L5..,.>i uL;~ ..j .b-) ~ c: ~ ~~')II ih,., '/.1\0. Jl '/.0. V if L..:.~I 
~~')II ~ Lycopersicum esculentum Mill. ill.15,., Solanum pennelljj Cor. ~ 

uL..I.J..Ll1 ~ ill~ Jl ~i Jly-:JI ~ '/." Jl '/.1\' ,., '/.1\0 if 0L.S 

(Dehan and Tall 1978) (Lycopersicum r-k1ch--J 1 u~ if ~~i J.-.&- L5~'J1 
,:)1)'I,.,i uL..;y-'J1 rSl;.J L5fi ~L..A.;....;')II Ih J1.}))1 ~I,., esculentum 

j:5~ (Y) J,.,~ if~...J ,(Jefferies et al. 1979, Janes 1966) ~')l..:ll ..j ~I..UI 

~u--'JI j:5~ ~.J-!. ,-?.lII) (Y)~,., ~I ul.J,:)~ JI.J,.,i..j u~~1 

o"",;UI ul.J,:)~1 ~ '-?~~ ,:)Y':"'" i--U- ~~ ~I,., (.y5J1 ~'JI 
~Ioh 4W::.>J.luL <: Ii U5J1~'J1 'l..i--'JI .~4:.1 ~ ")\..o'JL, ..,., .. ~"'.... .. ~ ~.. \('::"" C. ' 
,:)I~.J"'~ i~ ~I.lI1 ;.,....~I ,:)1).10\ if uL;~1 ~..j~,., ~~ 

L' i~~...J"'-"" , 

, (Flower et al. 1977. WynJones et al. 1977. Hellebust 1976) 

-rlll ,:)~)U ~.rU ~ ~I ul.J,:)~ J1.J"'\ ..j U;J,.,.,;:-ll ..r.~ 

J,.,'JI ~WI 4JL>-..j ~ La~i ~15' U;J,.,~I ~ 0i ~ ,(Y ~) 

if ~ ..j rSl~ U:--l,.,.,;:-ll ~ 'J 1 ~1 0 t w,.,,.,....J.I if,., 4(.;.J / ~ ,) 

dl' :r..s,; ,:)Ij l-l5 .Gi ~Y- ~I,., (WynJones 1984) ,:)~jiJ ~ uL;~1 

~ ;jJL,J1 0i '-?t) J1.J,.,'J1 ..j Jii U;J,.,~I L5y 015' l-l5 ~.JL:l1 4 1..j 

, (iY-,:)y.a.l! ~~ Jl.:l-I Y' ~ ~,:);, 

_0' _ 
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JSJI ~I j&- J-:,>-JI ul.).:>L;J ~).J.I ~I J I.$jr--'~I ~I "";')\;;.>1 ~t; : (') ~ 

. JI.)..,)U ( • • ) ~I ,;UI tS>:.>•.lI.., ( --<>-<>-) 

~~ ~ u...u)I ~~I L....t . (Janes 1966) JhU:-1 ~I ~..,u; '-?j."........~1 

,-?..uIJ yL..)Sf ,-?j."........'Y1 L.t.~ 0t5 ...1..0 iy-~..,....aJ1 ~..JylS J# J &JI 

,,-::>-L; ~ . ~..J.,l5JIJ iy-~..,....aJ1 ~..r-:-J Jl (Heysterand Nabor 1981) 0l!>-~1 olj&­
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~)aJ~ o.;--!JAj ~ ~ .Jyi-..yJI ~r ,,~I ~l..a.:.o~ i~IJ iy.-lKlI 

(Pye -J~I ~I ifL;.i j~ il~IJ (Watanahe and Olsen 1(65) ~..,LII 

":""l:~1 ~.r:f-J ~')\>..:..., I ~ ,ljJ Unicam SP-6560 UVIVIS Spectrophotometer) 

(Basalah 1(84) C)\....:.L: ~I k->- ~I o~r il~~ ~\}I ~l.?-\}IJ 

(Somogy ~..,LII ~)aJ1 il~L: J~L...:lI ~~I Js- ..:.."l:yS:...JI ":"".J,lj ~ 

(Pye Unicam SP-350 Visihle ~~I ,';.6 II ifW j~ il~IJ 1(52) 

L,?~UJI ~.):-I Js- ":"".Jo.W 0.)-1 ~I ~\'I ~l.?-)l1 ~r Spectrophotometer) 

~~.J,lj ~ ~J..;:ll ~\}I ~I ~i . (Rosen 1(75) .)jJ.J ~.> ~ 

4.;.J}1 :.r o~~ ..:.."y. Js- .)-1 ~J..;:ll ~')\>..:...,I ~ ~ . (Bates 197:)) ~ 

0~~1 ~ ..L.iJ JJ\}I 4.;.J.,.JI J ":"".J,lj .~ ~LlI J)~I k ":""1.J~l)J :i..;L:.lI 

lS (F) .JL;.:>-~ ~L::.JI ~ ~ . JJ\'I ~.r.--:JI ~L::.J 1..I.:;Sl; lSy>-i OJ" ~~I 
. (Steel and Torri e 1(60) L,?.JY.J J.;.:-.. o.?~ 

:.r J-S Js- ":""I.J~L:JJ ~.JU-I 4 1J c:U1 o~l:j-Jl; (') ~I ~ 

:.r J~~ ,,":""I.J~L:JI JI.JJ \ J ~I -JL\.I lS~IJ ~I -JL\.I ¥.I 

e::-.o ~L:.::.o ~~J~ L,?..uIJ J-SJI -JUI ~I J ~~I ~ ~Lb 
. ~~ ":""I.J~ ~ J~ L,?\ ~.JU-I ~ L,?j..,........,\} 1¥.I J ~~'1I 
~:.r ..:..,,'1U-I J5 J (y\......)Si)A J-if ~15 Ulkl.1 ~I .)\ '11 
~ ~LJ b:.r .(' JJ~ Ja-;f) ~.JU-I 4 1 J L,?j..,........,\} 1~I 

~~I J1L,?~y. ~)J-I 4 1J L,?j..,........,\}1~I~ .)~ c.L:::..:...... '11 

~ lS.r>-\}1 ..:..,,\"""I.J..ll1J ~~ --4y. \..{J "..:.."L:-:JI J ~I ~L\.I ¥.I J ~~ 
jAlAJ1.J(Vicia faba) Jy-ill I)~ ~ L,?..J.,.-..\}1¥.I J ~~I :.r ~...l>-
~.lj ~lJ-I o~L\.I.Jf 4.....>-yU~ ~L\.I ~~\}I wJj; U(Capsicum annuum) 
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-GI ~YLo t: (~)I / ~" ') ~.r.-"I .J-;J" J~ l?)1 0L5.J . 6,L~ 
~ (J--o 0' , ) y6Al1 ~UI (.J" o~ ~~I J5 ~ ~.J J5 ~ 
u l:)1 (.J" C')iv.)1 1 rS1jJ ~ 4::-! l?j.r-"')11 ¥I ~ t LA;) -)"j.:j.J ~jJ I 

.~UI 

~I ~~I~ ~I .)l!.1 LS~I f-.ti; ~ 6,LWI 0";'; ~~I ~ 

J""'I)I ~ ~ ..w JSJI ¥I ~I (Turner and Kramer 1(80) ~..?.J j; 4>-';";1 

J5 ~.J ~ 4.!.J}1 W (.J" ~G ~ Js-J «("'""'" , , "fO) o..,w ~l::.: 4.!.J}1 (.J" 

(Wescor Vapor Pressure l?.J~1 .b......:JI ..P--::-o~i o~ -) 0...L>- Js- J"'"~ 

o~ ~.JL:lI ~I c---o J.:lL-.:ll J"'"~I !J~J Osmometer , 5100C) 

. (Termaat eta!. 1(85) LS..r->-)11 ut;L:-J1 ~ -) ¥1.J...lt ~ ~ (~.:l") 

~~I ~I ~~ ~L?-)1~ u~1 ~ ~ uLy.)11 ~ u.JD 

(Pye Unicam SP, Atomic Absorption l?.J..LJI J""'\ .a ".. 'il j~ il~~.J 

1-..1 ~~I ..:.,,~~ iY..:l~IJ i.r.---"Gy;JI ~ ~ ~ Spectrophotometer) 



132 Simulation or Salt Strcss in D atc Palm Seedlings 

J (Phoenixdi-lcty liferi-lCv . Khedri) ~~......4.:....,. ~~I J)~ ~...G..;.....I 

J# J LP.A 4".4.; ~ ,fJ ulr o~ 41-&- ~ ~....II>' t • .,. Jy.a> 

ulr o~ LSy>-i Or ~~ ~L..... o..l.l. I' , , of?; iy-~y-.a.ll ~.J}S.r.::--'" 

~I.J>"~ (Vermiculite) UoU-1 u~)l1 o~lo J ~J ~~ ~J ~)a.Q11 ..ll~ 

ul~ ~L>- Jl ~1.J>")l1 o..u. ~ ~ . (r-' Y, 0 X "". X OY)~"Yu. 

~\;:-)l1 ~y>- ~)a.Q11 ..ll~ "':-'..J.J...I.iJ . (.JLr / J)) ("'" / 'A o)? ~.J~ 

/ ~IJ~ "".,.. 0..L.,.;)l1 0..L..!:,) ~y- ~L..... ,.,. J~ ~lJ...1 ~f ~ 

~i u~ (L.~ l' ~) JJ)l1 u.J}I~ J~I ~J ~("i /"4.;U 

ulr o...u- ~~WI ..U~ J~I ( ..lA..u1 ~,f) /)11 .Y)~ (r-' '0) 

0.J~~ ~JJ~ ~~I.I ul.J~L)I.J~1 ~ .)a....4l1 ..ll~ 0..;::>-)110)1.) 

U (Growth Chamber).".-:JI ~~ Jl ~)l1 ~ ~ ~ ~f J5 J o.1.>-IJ 

/"4.;t / ~IJ~ " • • ..:...iL5 ..w 0..L,.:;)l1 0..L..!:, I~ ~LJI ~J)a.ll ~ 

J~ ~)l1 ~.J ~..w Uo~ I..l.+'J . 10' ~I ~.,k)1 ..:...iL5J ,. i 

~ c:.L.....i ~) o..l.l. (Etherton 1963) ~Y..hl o~.JJf lo ~ (IX Solution) ~.lA.o 

.4:-!.r.> ~i l: ~l:J1 ,u.J}1 :..rP ~I~ J ul.J~L;J1 ..:...i15 

~ ~ 

~~ 0 Jl L;lp ~J ~~lk ~~ 0.J~~ t 0 .J~I ~ ~lb ~ 

J:1 JJ)l1 a..WI ~ '" o.1.>-IJ a..L.u. ~~ J5 J:1 ul.J~~ " ~~ j5J 

"4.;L:.lI ~WI ~.J ~ ~ ..k.i; ~~J~ ~.J ~ ~.il\J (Control) e-)I 

;J / r- "". J .,.. ~'"f ~ 1 J-&- ~.,>: ~ _J~ 4.-oU-IJ ~I)\J 6.!Jl:JIJ 

~.JLlI ~ J-5JI ¥.I J ~.J..lj j.:-f I..i.AJ ~~I?I Js- iy-~y-.a.ll ~.J}S 
. (') JJ~I J \2 
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. (Richardson and McGee 1(85) 

f.;5.} ~yk If' 0~..ill P.':... L;L:-:J I ~ c.J\A)1 I ~ t; 4..0J l4..o j yk ~J 

~ I J")\>. t-*'-"'j I .kA..,.; Js- .i.h; l>...-U (iy-.:>y.a.l I ..~U# 0':> ~) ~I.ll I .:> I}.I 

~~I ..:.,,~.AI ~ rS l.} Ji c.J\A)11 .:>~I ~yk' If' JI (Hellebust 1976) 

W I 6'~1 -J ,-?j~)11 ~I~ ~~J (Greenway and Munns 1980) 

~ It.b ··11 1.iAo J.-.!..oJ . (Mass and Nieman 1978) ~ ~ t-L\.I ~ ~~';} 

. (McGee et al. 1984) 0J.::..o ,J'l4 ~ ~J):> J ~ )1IJ ..,.-JI ~)~~ 

~ V'L;AJ~ ."\...:jJl ~ 4J;y-l.o 4..>y'l4 ~J':> ~~I 01 ~Jrll 0-" 

t~..Ll1 ~.....,. \ i" -r:-")1IJ ~I) LS~)11 ..:."L.;L:-JIJ ."45LQJI J~I 

w.~ ~ JL:l1.JA' \.:-S ~ ..:."L...,IJ .:> ~J ~J t-IJ ':JI o~J ~ (i \ ~ "\ ~ 

,-?J 0~ ~ (Furr and Ream 1968) 0UWI 0.r L...o 01 -;'1 ~)~I "':"'~I 
'f i" • J i' • • '-?~ '-?~ J~ «J"""'; ill.:>)) ~ 0-" ~I ":"'IJ':>~ 

~.:>~ oJ~~1 ~ J1 ,-?.:>j: ~ i~.:>y.a.ll ..LU# 0-" 0y.ll1 -J t-~ 
i~':>."..-.a.l I ~~1 V""L..a.::..o I J~~ 4 ).:LI W.I ~ ellI f.;5~~ 

t ~ ~ 4..>yli I o.:>~..f. V"" L..a.::..o )1 I ~~)1 \.J2-; ~lb ~ -.::...,; IS ~Jyl5J IJ 

. 4..>ylil ~y~ ~Y- ~ ..:."IJ.:>L:JI ~ Js- ...lAIly-:. .!J~ ~ 

~ 6..-IJ..ll1 o~ G1 ..ill ~I j-:>..J ~.:>L.a::.i)1IJ ~1.i...;JI ~~J. 
I )uo A ~).:L\ 4..>ylil ~J."kl":"'IJ.:>L:JI o.iAo ~ LS..lo.ijrl ~I ":"'IJ':>~ 

."bl) o.:>~ ~ ~J):> J iy-.:>y.a.ll ~J# & 0-" ~ f.;5ljJ ~..,.....::.: 

.GL..;~ ~ ..:."L:-JI J->-b J-A.lI ':>J Js-~~ ,-~..lbJ (~I j~ 

<)y-)11 LS~IJ s.o)11 ~lr)1IJ ":"'~~IJ ~\ ,JL\.I LS~IS ~I..lli 

.jIJJ~ J501 ¥.-I..r.~ ~..iSJ 
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~, ~ ~'j~~ J ~U'.J r' ~~~, 
(Phoenix dactylifera L.) 

:."..,.... ~\ ........."-:- _ ,y.....J\ ~ - Y.J~\ ~\?-'1\-, ,.:..'\..~\ ~ 

...._:.~\ ~.~\ ~\ _ \ \ ~c\ ~\... )\ - ~ ~cc '.,-:" . <J> 

":""';',r-S-~ (~~......i:....o) J..,.>.JI vlJoL J ~j"...--'il ~I ...... IJ;...:..1 : ....... "lLo" 

;J / t"" r" Jr· "r , i ,~ : <J1.rJ1 J..s .."..J..L:..o ,;,51;J1 ..:..,;ISJ (J""':' r' ~) vlJoUI 

Jh ~ •• '-:"JLA; ;.L...,.;I i..GJ JY- / c.hl «(r" /' A ;))-1.."..J;)"...:JI ".f J l..'y- r A i.llJ 
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l..i..o JJ ,L..;; vi).",,! 0 J..u..c ,!.LbJ (;""}J.I i;~j ~1)-.k..."J1 J ~I '-""1..i.>.;1 ~ L..l:.:.. 
,;,5~ ~ <,0;' <.;~ O~J ~ ~L:.JI J.;.; ~ ,vIAJI J ;I}.I ~ rSl; ~ <.l)l;~1 

e=-JI J ~J;'.&.ill .:r.-JJ"JI L.....I ,~I J rJ-!o~1 Cl'y- I ,;,5;J ..,r:-Jlill .k..."J1 J ellI 
.......~ U)I; b li.r' ClIS v')l,..WI J5 J .:r..JJ"JI,;,5; J) ClI)l\ ~I ;""}J.I ......J)O..;....,j. 

vL,~IJ J"..o..."...AlIJ r",.......JLSJIJ r~IJ r.r.--l:i"J1 vL;'y-1 j:.- cS,;>'i1 ol}.1 l.ol .l,;l...a>-I 

J U JP '~J r..l...s- ~ J~.,Ij ~;J....L....J.I ~ i".,:s ~ r-U <.,KJI <.,;.,...'il ,-""Lr-'iIJ <.,KJI 

. vIJ,UI •..i..o J ~j.......-'il ~I 

~l::JI ~...J~I .L:>-Lo:r /t· -JI,J--->' 4j~1 ~.J 4jlJ:-I ~I...J~I J;.i 
~ ~I 4.>-}l1 u~:r ~W ~I...J~I o~ ~.J(FiSherandTurner1978) 

c)\..o ~I J-SI ~ (Flowers et al. 1977) ~Vj-..ll ~L:.;)11 ~...I.j ,-;--,L:---i r-""i . :r 
...JL.a.l1 o~t; 0~ ~ ,-?.l.JI iy-.:l~1 ~...J}S Y' ~I...J~I o~ y... J ~~ 
:r.J . (Heysterand Nabors 1981) ~I .:l~~1 ~.Ji.; .... " Jl 1...Gw.oJ 

~ .;~ .:l~1 ~Iy- lo WlS- 4jlJ:-I ~I...J~I J C)\..o~~ .:l~~1 01 w.J,.,.J.I 
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